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Muscle strength asymmetry (MSA) refers to the relative strength differences and deficits 77 between limbs, 1 with a strength discrepancy of 10-15% or more between two sides 78 considered to represent a potentially problematic asymmetry. 2 Higher MSA indexes have 79 been suggested to place athletes at a greater risk of injury, 3 4, 5 conversely researchers have 80 demonstrated no connection between MSA and injury. 6, 7 However, there is no specific value 81 in the literature that represents the threshold between injured and non-injured athletes, or 82 values that definitively identify an increased injury risk in athletes. 8 It should be noted that 83 asymmetries may be a positive adaptation of the sport, developed by specific sporting 84 demands. 9 In terms of athletic performance previous studies have also shown MSA can 85 negatively impact performance during change of direction, 10 vertical jumping, 11, 12 and 86 kicking. 13 However, asymmetry index values for athletic performance measures have yet to 87 be established. 14 Pre-isometric warm up 161 All subjects performed a standardized warm-up outlined in previous research, 26 comprising of 162 5 minutes of dynamic stretching before advancing to dynamic mid-thigh clean pulls. One set 163 of 5 repetitions was performed with an empty barbell (Werksan Olympic Bar, Werksan,
164
Moorsetown, NJ, USA) followed by 3 bilateral isometric efforts at perceived intensities of 165 50%, 70%, and 90% of maximum effort, interspersed with 1-minute recoveries.
167
Bilateral and unilateral isometric mid-thigh pull protocol 168 Bilateral IMTP testing followed similar protocols used in previous research. 27 For the bilateral stance IMTP testing, a collarless steel bar was positioned to correspond to 176 the athlete's second-pull power clean position 24 just below the crease of the hip. The bar 177 height could be adjusted (3 cm increments) at various heights above the force plate to 178 accommodate different sized athletes. Athletes were strapped to the bar in accordance to 179 previous research 28 and positioned in their self-selected mid-thigh clean position established 180 in the familiarization trials whereby feet were shoulder width apart, knees were flexed over 181 the toes, shoulders were just behind the bar, and torso was upright. 26 Researchers have 182 demonstrated that differences in knee and hip joint angles during the IMTP do not influence 183 kinetic variables 25 justifying the self-selected preferred mid-thigh position. All subjects 184 received standardized instructions to pull as fast and as hard as possible and push their feet 185 into the force plate until being told to stop, as these instructions have been shown to be 186 optimal in producing maximum PF and RFD results. 28 Once the body was stabilised (verified 187 by watching the subject and force trace) the IMTP was initiated with the countdown "3, 2, 1 188 pull," with subjects ensuring that maximal effort was applied for 5 seconds based on previous 189 protocols; 24, 28 data was collected for a duration of 8 seconds. Minimal pre-tension was 190 allowed to ensure there is no slack in the body prior to initiation of pull. Verbal (1.20-1.99), and very large (2.0-4.0). 33 The criterion for significance was set at p≤0.05.
230

Results
232
Intraclass correlation coefficients and CV demonstrated high within-session reliability for 233 bilateral and unilateral IMTP PF (ICC = .94, CV = 4.7 -5.5%) ( Conversely, small significant differences (p < .001, d = 0.27 -0.46) were found between D 248 and ND limbs for all isometric force-time characteristics (Table 3) .
250
Collegiate Male Athletes 251 No significant differences (p > .05, d ≤ 0.32) between right and left limbs were observed for 252 all isometric force-time characteristics; with trivial to small differences between limbs (Table   253 2). Conversely, small to moderate significant differences (p < .001, d = 0.43 -0.91) were 254 found between D and ND limbs for all isometric force-time characteristics (Table 3) . The aims of this study were to assess the within-session reliability of bilateral and unilateral (Table 1) . 32 Trivial to small non-significant differences were observed between (Table 2) . However, small to moderate significant differences were revealed between 272 D and ND limbs in male collegiate athletes and small significant differences between D and 273 ND in professional rugby league players (Table 3 ). These findings are in agreement with our 274 hypotheses.
275
The bilateral IMTP has been reported to be highly reliable with a low measurement error. 24, 276 25, 27 Traditionally, IMTP assessments have been performed bilaterally, with asymmetries 277 having only been established with the use of dual force platforms during bilateral IMTPs. 11, 17, 278 18 To our knowledge, this study is the first to investigate a unilateral stance IMTP for the 279 assessment of MSA indexes, demonstrating high reliability measures for isometric PF and 280 lower reliability measures for impulse at time bands (Table 1) . Further, significant differences 281 were also observed between D and ND limbs (Table 3 ) for all isometric force-time 282 characteristics. Therefore, this study revealed high within-session reliability for the 283 assessment of unilateral stance IMTP PF and significant differences in force-time 284 characteristics between D and ND limbs in male athletes (Table 3) . However, a limitation of 285 the present study is only the within-session reliability of the unilateral stance IMTP force-286 time characteristics was assessed, therefore, further research is required assessing between 287 session test-retest reliability of the unilateral stance IMTP. The magnitudes of asymmetry in collegiate male athletes (6.2 ± 4.8 to 11.5 ± 9.5%) and 329 professional rugby league players (5.1 ± 3.8 to 9.6 ± 8.6%) are presented in Table 3 ; characteristics throughout a season 36, 37 and the specific training phase has also shown to 342 influence jump performance. 38 However, to our knowledge no literature exists investigating 343 isometric strength asymmetries throughout a competitive season. Therefore, a future direction 344 of research is to investigate seasonal variations in MSA as measured by the IMTP.
345
A strength discrepancy of 10-15% between limbs is considered to represent a potentially 346 problematic asymmetry. 2 Although, no literature is available to substantiate this claim, 8 it is 347 likely that the typical magnitude of MSA may vary between different muscle strength 348 qualities for example concentric, eccentric, isometric and dynamic strength, 14, 15 and between 349 different athlete populations. 35 Our findings provide normative MSA data for unilateral IMTP 350 kinetics in different populations (Table 3 ). Athletes who demonstrate MSA greater than the 351 values in Table 3 could therefore be considered asymmetrical. It should be noted that above-mentioned studies have inspected asymmetries during bilateral 366 isometric squats and IMTPs and is therefore not a direct assessment of an isolated limb's 367 force production capabilities. Consequently, a unilateral stance IMTP would allow the direct 368 assessment of multi-joint isometric force production of a specific limb replicating unilateral 369 stance of sprint, jumps and COD supported by the high reliability shown in the current Overall, this study confirmed that the unilateral stance IMTP produces high within-session 389 reliability for PF and IP 100 also met minimum reliability criteria. Furthermore, small to 390 moderate significant differences were observed between D and ND limbs for all isometric 391 force-time characteristics with greater magnitudes of asymmetry of MSA in male collegiate 392 athletes in comparison to professional rugby players. Male athletes with isometric force-time 393 characteristics asymmetries greater than the mean plus the SD of the normative MSA indexes 394 presented in Table 3 
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